Phase diagram method
The pattern of the nonlinear evolution is classified into three regimes as follows.
(1) Amplitude vacillation regime (b) The maximum amplitude of the unstable wave occurs when the phase difference between the upper and lower disturbances is 0.
A catastrophic change in the pattern of the nonlinear evolution between the amplitude vacillation regime and the vortex pair regime was found with the change of parameters characterizing the basic currents. On the other hand, the change between the vortex Zabusky et al pair regime and the boundary trapped vortex regime was continuous, then the boundary between the two regimes was not clearly defined. Based on the importance of the temporal evolution of the phase relationship between the upper and lower disturbances in the determination of the nonlinear evolution, a point vortex model described by the form of Hamilton equation was introduced. A phase diagram method was made use to explain the dependency of the type of the nonlinear evolution of the unstable waves. The pattern of the motion of the point vortices corresponded to the type of the nonlinear evolution as for the temporal evolution of the phase relationship. The dependency of the nonlinear evolution on the parameters characterizing the basic currents was explained qualitatively by the point vortex model. Fig. 1 Schematic illustration of the contour dynamics model configuration. A cyclic boundary condition is applied in x direction. The distribution of potential vorticity is given by,
for the upper layer, and
for the lower layer.
Contour Surgery Detailed explanation of the figure is given in Fig. 3 . 6 (boundary trapped vortex regime, experiment BC3) except with the wavenumber k = 0.9. Detailed explanation of the figure is given in Fig. 2. k Fig. 12 Classification of the manner of nonlinear evolution in -k space for the values as in Fig. 9 except with the = 1.0. Detailed explanation of the figure is given in Fig. 9 .
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